A rapid method has been developed for the determination of thiophanate methyl and its metabolite carbendazim in tea samples using ultra-high-performance liquid chromatography tandem mass. Dispersive solid-phase extraction was optimized and employed as a sample preparation technique without concentration and solvent exchange. Degradation of thiophanate methyl and its isotope were observed and they declined at the similar rate during sample preparation. The results showed that calibration by isotope internal standards was reliable to correct the degradation. With the extraction solvent at pH range of 2.3-10.3, difference for thiophanate methyl degradation was not much significant due to the buffer action of tea matrix solution. Matrix effects were dependent on the nature of the analytes and tea categories, but calibrated effectively by isotope internal standards. Recoveries ranged 97.2-110.6%, and relative standard deviations were <25.0%. The limit of quantification was both 0.010 mg kg 21 for thiophanate methyl and carbendazim. The developed method was utilized to measure concentrations of thiophanate methyl and carbendazim in tea samples from seven provinces of China, as well as to investigate the degradation of thiophanate methyl in tea crop.
Introduction
Tea, which is manufactured from young shoots of the tea plant (Camellia sinensis L.), is the most popular beverage. Tea diseases were of great concern because the young shoots are subject to foliar, stem and root disease. In China, tea is grown in such the regions as tropical, subtropical and temperature zones. In a humid, temperature typical of most tea, fungal tea blast caused by .100 diseases poses the greatest threat to crop yield (1) . Chemical control, especially pesticide application, is the main means of diseases management. Thiophanate-methyl (TM) and carbendazim (MBC), two typical pesticides of benzimidazole fungicides, were widely applied in tea crop. Although intensive applied pesticides in tea garden have increased production, due to labor-intensive, time-consuming procedures for diseases prevention by application of high concentration of pesticides, high residues in tea and their transferred infusions resulted in great health hazard. Maximum residue limits (MRLs) of tea and tea drinking have been established for TM and MBC. The MRLs summed TM and MBC is 0.1 mg kg 21 for EU (2) and 10 mg kg 21 for Japan (3) . However, absence of MRLs for TM and MBC in tea makes these fungicides management difficult in China. Therefore, it is necessary to develop reliable, rapid and effective analytical methods of TM and MBC to master the residue levels and dissipation behavior of TM and MBC, and provide guidance for peasants during tea planting. Benzimidazole fungicide concentrations have been determined using spectrophotometry (4), HPLC (5 -7) for the foodstuff of plant origin. Owing to the complex nature of the tea matrix, the drawbacks of low selectivity and sensitivity were thoroughly exposed when spectrophotometry or HPLC coupled with UV or DAD detector was employed to determine TM and MBC residue in tea. HPLC coupled with tandem mass (LC -MS/ MS) is very straightforward, sensitive, fast and reliable. LC-MS/ MS has been applied to determine benzimidazole fungicide residue in various types of sample (8, 9) .
Analysis of pesticides in tea samples is a difficult task due to the complexity of the matrix and the low concentrations at which these compounds are usually present and extreme low MRLs. Thus, despite advances in highly selective and sensitive HPLC-MS/MS for their final determination, sample preparation remains a crucial step of obtaining accurate quantitative results. In most methods for qualitative and quantitative determination of pesticides in teas, extraction has either been performed with organic solvents or the mixture of organic solvent and water. Acetonitrile was used by Pang et al. (10) and the recovery of MBC was 91.4 -94.7% with relative standard deviations (RSDs) ,25% in this literature. The mixture of organic solvents and water was more commonly used. Under these extraction conditions, the recovery of MBC was 79.8 -109.6% (11, 12) . From the above, satisfied accuracy and precision were achieved for determination of MBC residue in tea by the extraction of organic solvents or those mixed with water. However, the real extracting efficiency was evaluated through positive sample analysis. There were few reports which compared the extracting efficiency of pesticides from positive samples under the extracting conditions of adding water or not prior to organic solvent.
While HPLC-MS/MS offers a promise analytical tool, matrix effect on ionization suppression or enhancement caused by co-extract with the analytes must be paid attention for method development, validation and routine analysis (13, 14) . Cleaning up procedures including solid-phase extraction (SPE) (15 -17) and GPC (18) were used to remove or reduce the co-extracts to overcome the interference and uncertainty from matrix effect. However, some decomposable pesticides were prone to degrade during the complex and long-treating sample preparation. Analysis of TM and MBC residue is the case that faces the particular challenge encountered the convert of TM into MBC during sample preparation (19) . Thus, it is necessary to develop a quick, simple, stable and accurate method for determination of TM and MBC residue. Dispersive solid-phase extraction (D-SPE), a rapidly developed technique, has become increasingly extensive application of residue analysis of various agricultural products (20, 21) . Isotope dilution method is classified as the method of internal standard, which relies more on signal ratio than signal intensity. Method of isotope dilution is regarded as a powerful method of performing accurate quantification because the isotope analogs normalize for selective losses of analytes and act as carriers for trace amounts of analytes subjected to complex isolation procedures (22, 23) .
Generally, there are two solutions to determination of TM and MBC: one is that TM was converted into MBC and expressed as MBC (24) (25) (26) , another is that TM was directly detected (27 -30) . For the former, the disadvantage is obviously that TM could not be accurate qualitative and quantitative analysis because carbendazim could originate from TM, itself or both. Thus, it seems unreasonable for the analysis of TM. Furthermore, the dissipation pattern of TM in field trial was hardly mastered because of indirect analysis the parent compound TM and wrong quantification of its metabolite MBC residue not converted during sample preparation as TM residue. For the latter, it is more accurate than the former. However, complex and long-treating sample preparation could accelerate the conversion of TM into MBC.
Since the conversion of TM into MBC is inevitable during sample preparation, it is necessary to take measures for reducing and correcting the degradation. In this study, our effort to method development is to simplify the sample preparation in order to reduce the conversion of TM into MBC, and correct the degradation of TM during sample preparation using isotope dilution method. Finally, the developed method was utilized to measure concentrations of TM and MBC in tea samples from seven provinces of China, as well as to investigate the degradation of TM in tea crop.
Experimental
Chemical and standards Standards of TM (99% purity) and carbendazim (MBC, 99% purity), as well as deuterium-labelled thiophanate-methyl (TM-D6, 99% purity) and carbendazim (MBC-D4, 99% purity) were all purchased from Dr Ehrenstorfer (Augsburg, Germany). Acetronitrile and methanol of HPLC grade were obtained from Merck (Darmstadt, Germany). Formic acid, acetic acid, ammonia, magnesium sulfate anhydrous and sodium chloride were purchased from East China Pharmaceutical Group Limited Co. Ltd (Hangzhou, China). Water was de-ionized using a Milli-Q system (Millipore, Milford, USA). Absorbents of PSA, C 18 , GCB were all supplied by Agela (Tianjin, China).
Stock standard solution of TM and MBC, as well as their isotope internal standards were prepared in methanol at 100 mg L 21 , respectively. Calibration standard solutions of TM and MBC were prepared at 0.002, 0.005, 0.01, 0.05, 0.1 and 0.5 mg L 21 for each analytes with acetonitrile. All standard solutions were stored at 48C in dark vials.
Sample preparation
Samples were finely ground using Buchi B-400 grinder (Buchi, Switzerland) and filtered through 200 mm sifter. Two-grams of portion were weighed in a 50-mL Teflon centrifuge tube followed by addition of 10 mL of the mixture of TM-D6 and MBC-D4 standard solution at 10 mg mL 21 , resulting in a concentration of 0.05 mg kg 21 for each isotope internal. Five milliliters of water were added into the testing tea samples for soaking in a vortex for 30 s, then left for 15 min. After that, 10 mL of acetonitrile were added and homogenized at 12 000 r min 21 for 2 min using IKA 10 homogenizer (IKA, Germany). Afterwards, 5 g sodium chloride was added and the extracts were shaken strenuously for 1 min, then centrifuged at 4000 r min 21 for 3 min at 58C. Two milliliters of supernatant were transferred to a 5-mL Teflon tube containing 150 mg of magnesium sulfate, 150 mg of C 18 and 200 mg of PSA. The extracts were shaken for 1 min again and then centrifuged at 4000 r min 21 for 5 min at 58C. The supernatant was filtered into autosampler vial through 0.22 mm nylon syringe filter and analyzed.
UPLC-MS/MS analysis
Separation was carried out using an Acquity Ultra-Performance LC system (consisting of vacuum degasser, autosampler and binary pump) (Waters, USA) equipped with an Acquity UPLC HSS T3 column (100 Â 2.1 mm ID, 1.8 mm particle size, Waters). The mobile phase consisted of water (A) and methanol (B) each containing 0.1% formic acid (v/v) using a gradient elution of 90% A initially, 5% A at 1 -10 min (held for 2 min), and 90% A at 12-13 min (held for 1 min). The flow rate, column temperature and injection volume were 0.25 mL min 21 , 48C, and 3 mL, respectively.
An applied Biosystems 3200 QTRAP system (ABI, USA) equipped with ion-spray interface operated in positive mode was employed for the MS/MS analysis working in multiple reaction-monitoring mode (MRM). The needle voltage, curtain gas, nebulizer gas and temperature of Turbo gas was 24500 V, 25 psi, 45 psi and 5508C, respectively. Declustering potential (DP), collision (CE) and entrance potential (EP) were optimized by individual standard solutions at 1 mg L
21
. The parameters of both analytes and their isotope are summarized in Table I .
Results and discussion
Optimization of instrumentation conditions UPLC separation under gradient elution was carried out to achieve good selectivity and sensitivity. In this study, different injection volume was tested. Asymmetrical chromatography peak of MBC was found when injection volume was higher than 3 mL due to solvent effect. Therefore, the injection volume was 3 mL. Figure 2 . Degradation of TM and its isotope was observed and they declined at the similar rate. The response of TM and its isotope with the storage time for 2 h decreased ,7.0%, but decreased 20.5 -29.4% with the storage time for 12 -24 h. The degradation rate of analytes in matrix-matched solution was higher than that in acetonitrile solvent, which indicated that tea components could accelerate the degradation. MBC increased for longer storage time, but the increasing was lower than the conversion relationship of K TM Â ð191:2=342:4Þ, where K TM is the declined percentage of TM. Difference was not much significant for MBC-D4 in the mixture standard solution stored for 2 -24 h, which indicated that the degradation product of TM-D6 was not MBC-D4. In individual TM-D6 standard solution, we also did not find MBC, MBC-D4 and TM with the storage time for 24 h. Therefore, it was important of time consistence for preparing and storing the calibration solution of TM, MBC and their isotope internal standard solutions.
In the preliminary experiment, 2 g of ground tea spiked with 10 mL of TM and TM-D6 individual standard solution at 100 mg L 21 was extracted with aqueous -acetonitrile mixtures over the pH range of 0.3-10.3. The extraction solvent was modified with acetic acid and ammonia to investigate the effect of pH on the degradation rate using Mettler pH meter (Mettler, Switzerland). Because tea extracts contained large volume of tea polyphenol, a type of weak acid compounds, the solution of tea extracts was an acid buffer. Thus, the pH values of tea extracts were from 3.3 to 5.5 when aqueous -acetonitrile at pH 0.3 -10.3. Although the conversion rate of TM into MBC depended on the media and the pH extraction value (32), the degradation rate was ,6% with the aqueous-acetonitrile at pH 4.4-10.3 due to buffer action. However, with the extract solvent at pH 0.7 and 0.3, the degradation rate was 9.3 -11.2% for TM and 9.4 -10.8% for TM-D6, higher than those with other treatments. Theoretically, pesticides were more stable under aqueous -acetnitrile at lower pH (33) . In this study, more tea components were extracted under strong acid conditions, which accelerated the degradation of TM (34) . The pH value of de-ionized wateracetonitrile without adding acid or alkaline substance was 7.12 -7.31. Thus, it was not necessary to adjust the pH value of the extraction solvent. As predicated, TM and TM-D6 had the same degradation rate during sample preparation. Therefore, it was practicable for TM-D6 to correct the degradation of TM during sample preparation.
Extracting efficiency
Extraction method used acetonitrile based on published studies on determination of multipesticide residue in argo-products (35, 36) . The extraction solvent was required to have a good dissolve ability of pesticides and good permeability into sample matrix, especially some dry samples, such as cereals, tobacco and processed foodstuffs (37 -39) . During the fresh tea leaves processing, the wax layers of epidermal cells became thicker and the plant cell gaps became smaller until the tea dryness was .90%. Therefore, the organic solvent was insufficient to extract the polar pesticides, and adding appropriate amount of water before extracting could improve the extracting efficiency. In this study, the comparison in extracting efficiency of TM (octanol -water partition coefficient: log P ¼ 1.50) and MBC (octanol -water partition coefficient: log P ¼ 1.38) between adding and not adding water was carried out with experiment for spiked samples and positive samples. In the trial of recovery test, adding water did not improve the extracting efficiency of both pesticides. However, the analytical results of positive samples extracted with acetonitrile-water were higher than those extracted with acetonitrile, arriving to 53.6 -95.9% for TM and 90.4 -150.2% for MBC.
Optimization of D-SPE
In order to achieve an adequate cleaning up performance, the adsorbents and their amounts were optimized. Recovery experiments were done with the raw extracts and acetonitrile solvent spiked with target compounds (without isotope internal standards) at the level of 0.05 mg L 21 . Raw extracts from blank tea samples and acetonitrile solvent spiked with standard solutions were transferred to the mini-tube containing the three adsorbents and 150 mg anhydrous magnesium sulfate, individually. After the extracts were shaken and centrifuged (4000 rpm), the super layers were determined using UPLC -MS/MS with the quantification by matrix-matched standard solution. To decrease the degradation of TM, analytical time of each sample including pretreatment and testing was ,2 h. Three types of adsorbents (PSA 50 -200 mg, C 18 50 -200 mg and GCB 50-200 mg) were evaluated. The recoveries with three replicates were shown in Figure 3 . Due to the strong adsorbability of GCB to TM and MBC, few recoveries were obtained in the recovery test experiment of acetonitrile spiked with standard solutions. With the adsorbent of C 18 or PSA, the recoveries of TM and MBC ranged from 93.2 to 95.8% and 92.7 to 97.5%, respectively, which indicated that both of adsorbents had weak retaining ability to TM and MBC.
Many experiments previously reported that increasing the amounts of GCB resulted into the decrease of recoveries for some pesticides because the adsorbent of GCB had a strong retaining ability to these pesticides (20, 32) . We did find the significant descent trends of recoveries for both pesticides after the acetonitrile solvent spiked with standard solution was purified with increasing the amounts of GCB, but in the experiment of blank tea matrix spiked with standard solution, the recoveries of TM did not decrease, which explained that tea matrix and pesticides were competed to be retained with the adsorbents, whereas there are no competing in the acetonitrile solvent. However, GCB still exhibited the strong adsorbability to MBC in the tea matrix solutions.
The color extensity of the final extract after purification with different adsorbents were as follows: GCB(200 mg) , C 18 (200 mg) , PSA(200 mg). Moreover, with the amounts of PSA and C 18 increasing, the color of final extract became less intensive until the amounts of 150 mg C 18 , 200 mg PSA were applied.
Synthetically, taking these factors (recoveries, the extensity of final extracts and removal of co-extractants) into account, we choose the mixture of PSA 200 mg, C 18 150 mg and anhydrous magnesium sulfate 150 mg for further recovery test, and satisfied recoveries were obtained 90.3 -95.2% for TM and 94.6 -98.9% for MBC without calibration by their isotope internal.
Analytical performance

Matrix effect and linearity
In this study, matrix-matched calibration solutions of TM and MBC were individually prepared at 0.010, 0.05 and 0.100 mg L 21 by adding 25-50 mL of standard working solution to 2 mL volumetric flask and diluting with tea blank extracts obtained following D-SPE procedure. The matrix effects from seven green tea samples and four black tea samples were evaluated by comparing the response obtained from the standard (Y) and the blank matrix extract (Z). The ratio (Z/Y Â 100) was taken as absolute matrix effect. Matrix effect different from 100% indicates either suppression (,100%) or enhancement (.100%). Figure 4 shows the results of matrix effect on TM, MBC and their isotope internal standards. Signal suppression was observed for both analytes and their isotope internal standards. Matrix effect was not much significant for different concentrations, but dependent on tea types and the nature of analytes. Generally, signal suppression on TM was stronger than on MBC. Even in the same type of tea samples, matrix effect was also different. Real sample analysis A total of 118 tea samples available from seven provinces were analyzed for TM and MBC using the developed method in 2012. Sixteen positive samples have been found containing MBC from 0.012 to 1.029 mg kg 21 and no sample has been found containing TM residue.
Moreover, the developed method was applied to measure the residue of TM and MBC degradation during tea farming. The experimental field is located in Hangzhou (120.28 E, 30.38 N), China. Tea crop (Zhongcha 108) was planted in the field of a randomized block design with a plot size of 35 m 2 for each triplicate. Application of 70% of TM wettable powder was sprayed in the dosage of 150 g a.i ha -1 during August-September in 2012. One bud and two leaves (as tea shoots) were picked at 0 (2 h after application), 1, 3, 5, 7, 9, 14, 21, 28, 35 and 42 days. The results of TM and MBC were summarized in Table III . TM residues sharply decreased 3 days after application, and could not be detected after 21 days under the treatments. The degradation equation of TM was C t = 55:75e À0:457t and half-life of TM was 1.52 days. Mean MBC residue was 2.02 mg kg 21 2 h after TM sprayed. Tea shoots experienced a long period of MBC residue, which residue was 0.01 mg kg 21 5 weeks after TM sprayed.
Conclusions
A selective and sensitive method based on isotope dilution UPLC -MS/MS with D-SPE extraction has been developed for simultaneous determination of TM and MBC in tea samples. Adding water prior to extraction with acetonitrile significantly improved the extracting efficiency of TM and MBC. Due to the buffer action of tea extracts, it is not necessary to adjust the pH value of extraction solvent. Based on recoveries, the extensity of final extracts and removal of co-extracts, the mixture adsorbents of 200 mg PSA, 150 mg C 18 and 150 mg anhydrous magnesium sulfate were choose to clean up the tea matrix. Compensation of isotope internal standards was reliable to correct either degradation or matrix effects due to the same degradation rate and suppression degree of analytes as their isotope internal standards. The developed method is quick, simple, as well as the significant reduction of organic solvents, accurate and precise through the evaluation of the sensitivity, repeatability and accuracy parameters. TM degraded sharply after the pesticide sprayed on tea crops, but its metabolite MBC had a long residual period.
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